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Laminins are a major component of basement membranes. Each laminin molecule is a heterotrimeric glycoprotein composed of one α, one β,
and one γ chain. Fifteen laminin isoforms exist, assembled from various combinations of 5α, 3β, and 3γ chains. The embryonic lung has
abundant laminin isoforms. Increasing evidence suggests that different laminin isoforms have unique functions in lung development. Studies of
embryonic lung explants and organotypic co-cultures show that laminin α1 and laminin 111 are important for epithelial branching morphogenesis
and that laminin α2 and laminin 211 have a role in smooth muscle cell differentiation. In vivo studies of laminin α5-deficient mice indicate that
this laminin chain, found in laminins 511 and 521, is essential for normal lobar septation in early lung development and normal alveolization and
distal epithelial cell differentiation and maturation in late lung development. However, not all of the laminin chains present in the developing lung
appear to be necessary for normal lung development since laminin α4 null mice do not have obvious lung abnormalities and laminin γ2 null mice
have only minimal changes in lung development. The mechanisms responsible for the lung phenotypes in mice with laminin mutations are
unknown, but it is clear that multiple laminin isoforms are crucial for lung development and that different laminin isoforms exhibit specific, non-
overlapping functions.
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In humans and rodents, lung development begins when lung
epithelial rudiments bud from the ventral foregut endoderm and
ends postnatally with completion of alveolization. Lung
epithelium originates from embryonic gut endoderm while
lung mesenchyme is presumed to be derived from splanchnic
mesenchyme and neural crest cells. Histologically, the develop-
mental process in mouse and human lung can be separated into 5
stages (Table 1): in the embryonic stage, the lung anlage
evaginates from the primordial foregut to form the future trachea
that branches into the two main bronchi; the pseudoglandular
stage is marked by dichotomous branching of the epithelial tubesAbbreviations: BM, basement membrane; Lama, laminin α; Lamb, laminin
β; Lamc, laminin γ.
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doi:10.1016/j.ydbio.2006.03.032to form the bronchial epithelial tree; the canalicular stage is
characterized by completion of branching morphogenesis,
formation of terminal sacs and communication of the peripheral
and central vessels; during the saccular or terminal sac stage
there is an increase in the number of terminal sacs, maturation of
the vasculature, and differentiation of alveolar type I and II cells;
the alveolar stage consists of formation of mature alveolar ducts
and alveoli (Warburton et al., 2000). Note that the alveolar stage
begins several days after birth in the mouse; in the human, this
stage starts several weeks prior to birth.
Basement membrane and laminin
Basement membranes (BMs) are thin sheets of highly
specialized extracellular matrices beneath all epithelial and
endothelial cells, and surrounding all muscle, fat, and pe-
ripheral nerve cells. The main components of BMs are type
IV collagen, nidogen/entactin, heparan sulfated proteoglycans,
and laminins. In the lung, BMs are associated with the airway
and alveolar epithelium, endothelium, bronchial and vascular
Table 1
Histologic stages and gestational ages of lung development
Stage Mouse Human
Embryonic E9.5–E10.5 3–7 weeks
Pseudoglandular E10.5–E16.5 7–17 weeks
Canalicular E16.5–E17.5 16–26 weeks
Saccular E17.5–P5 22–36 weeks
Alveolar P5–P30 36 weeks to 2–7 years
Table 2
Laminin nomenclature and chain composition
Current name Previous name Chain composition
Laminin 111 Laminin-1 α1β1γ1
Laminin 211 Laminin-2 α2β1γ1
Laminin 121 Laminin-3 α1β2γ1
Laminin 221 Laminin-4 α2β2γ1
Laminin 3A32 Laminin-5A α3Aβ3γ2
Laminin 3B32 Laminin-5B α3Bβ3γ2
Laminin 3A/B11 Laminin-6A/B α3A/Bβ1γ1
Laminin 3A/B21 Laminin-7A/B α3A/Bβ2γ1
Laminin 411 Laminin-8 α4β1γ1
Laminin 421 Laminin-9 α4β2γ1
Laminin 511 Laminin-10 α5β1γ1
Laminin 521 Laminin-11 α5β2γ1
Laminin 213 Laminin-12 α2β1γ3
Laminin 423 Laminin-14 α4β2γ3
Laminin 533 Laminin-15 α5β3γ3
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they are part of the air–blood barrier traversed during alveolar
gas-exchange. BMs have multiple functions including serving
as a scaffold for cells, separating cell compartments, and
directing cell proliferation, migration, differentiation, and
apoptosis (Beqaj et al., 2002; Ekblom et al., 1998; Miner and
Yurchenco, 2004). This review will focus on the role of
laminins in murine lung development.
Laminins are a family of heterotrimeric glycoproteins
integral to all BMs. Laminins are each comprised of a single
α, β, and γ chain and are present only in BMs. To date, five α,
three β, and three γ laminin chains have been identified that
associate to form at least 15 laminin isoforms (Table 2).
Recently, a revised laminin nomenclature was established that
names each laminin according to its laminin α, β, and γ chains
(Aumailley et al., 2005). Thus, for example, the former laminin-
10 is now designated laminin 511. Laminins are large (400–
900 kDa) cruciform-shaped molecules with one long arm
composed of segments of each of the three chains in a coiled-
coil and two or three short arms each composed of a segment of
the constituent chains (Fig. 1). Laminin chains share structural
homology including the laminin N-terminal domain (LN), the
tandem laminin epidermal growth factor-like (LE) domains, the
laminin 4 (L4) domains, and the laminin coiled-coil domain
(LCC) (Aumailley et al., 2005). Laminin α chains are
distinctive having a C-terminal globular domain (LG) that has
five globular subunits. Laminins contain binding sites for
integrins, heparin sulfated proteoglycans, dystroglycan, nido-
gen, and Lutheran (Moulson et al., 2001), so that laminins
influence multiple functions of adjacent cells including
adhesion, proliferation and differentiation (Miner and Yurch-
enco, 2004; Timpl et al., 2000).
Numerous studies indicate that laminins are effectors of
invertebrate and vertebrate tissue morphogenesis (for review
see Miner and Yurchenco, 2004). With the evolution of
more complex organisms, laminins also become more com-
plex with addition of multiple laminin chains and temporal
and spatial regulation of these chains. For example, Hydra
have only one laminin and it is critical for epithelial mor-
phogenesis in regeneration after removal of the head
(Shimizu et al., 2002). Mutation of laminin in Drosophila
leads to abnormal heart and somatic muscle formation
(Yarnitzky and Volk, 1995). In mammals, mutations of
laminin β1 and laminin γ1 result in postimplantation le-
thality and failure to form any basement membranes (Smyth
et al., 1999; Miner et al., 2004). Postimplantation death is
delayed by 1 day in laminin α1 null embryos since lami-
nin α1 deficiency is partially compensated by laminin α5(Miner et al., 2004). Laminins are crucial for the formation
of multiple organs. Lack of laminin α2 results in
dysmyelination of motor nerves of both humans and mice
despite retention of laminin α4, which is normally expressed
during nerve development but not present at maturity
(Patton et al., 1997). As seen with motor nerves, transitions
in laminin chain composition in tissues are common during
development. The glomerular basement membrane initially
contains laminin 111, is later replaced with laminins 511 and
521, but at maturity contains only laminin 521 (Miner and
Patton, 1999). Laminin α5 is structurally similar to laminin
α1 and often co-localizes with or replaces laminin α1
during development. Laminin α5 null embryos have defects
in multiple organs including kidneys, limbs, placenta,
intestines, hair follicles, and lung (Bolcato-Bellemin et al.,
2003; Li et al., 2003; Miner et al., 1998; Nguyen et al.,
2002).
Lung laminin α chain expression
The varied laminin isoforms confer heterogeneity and tissue
specificity to BMs and most of this variability is contributed by
the laminin α chains (Lentz et al., 1997; Sanes et al., 1990).
Patterns of laminin α chain expression are complex, with some
tissues exhibiting both temporal and spatial regulation as
development progresses (Miner et al., 1997; Sorokin et al.,
1997). In the lung, all five laminin α chains are present during
early embryonic development (Table 3), but normal adult lung
tissue contains primarily laminin α3, α4, and α5 chains (Miner
et al., 1997; Virtanen et al., 1996). The presence of laminin α1 is
restricted to the first trimester, and expression is found mainly in
epithelial cells, but it is also expressed in mesenchymal cells
(Pierce et al., 2000; Virtanen et al., 2000). Laminins α2 and α4
are produced by mesenchymal cells, while laminins α3 and α5
are produced by epithelial cells (Ekblom et al., 1998). Laminins
α1, α2, and α3 are co-localized to the airway epithelial
basement membrane during early lung development (Figs. 2A,
B, C, E). Laminin α4 is seen in pericellular basement membrane
Fig. 1. Structure and ligand binding sites of laminins. All laminins have one α, one β, and one γ chain trimerized in a coiled-coil domain. Each chain has a laminin N-
terminal (LN) domain and laminin 4 (L4 for laminin α and γ chains, and LF for laminin β chain) domain separated by tandem laminin epidermal growth factor-like
(LE) domains. The C-terminal globular domain (LG) of the laminin α chain is composed of a tandem array of five modules. The units of the LG domain (LG1–LG5)
can be cleaved by proteases, often between LG3 and LG4.
273N.M. Nguyen, R.M. Senior / Developmental Biology 294 (2006) 271–279of smooth muscle cells lining the airway epithelium (Fig. 2D)
and is also in vascular basement membrane in late embryonic
lungs. Laminin α5 co-localizes with laminins α1–α3 in the BMTable 3
Laminin α chain expression and localization in murine lung
Laminin
α chain
Cell
source
Temporal expression Basement membrane locati
Embryonic Adult Airway epithelial Smo
1 epi/mes + a − + −
2 mes + + + −
3 epi + + + −
4 mes + + − +
5 epi + + + −
a Embryonic days 9.5–13.5.of airway epithelium and it is the only laminin α chain found in
the visceral pleural basement membrane (Fig. 2E). In addition,
along with laminin α4, laminin α5 is present in endothelialon
oth muscle cell Endothelial Visceral pleura Alveolar epithelial
− − −
− − −
− − +
+ − +
+ + +
Fig. 2. Immunofluorescence for laminin α1–5 and γ1 chains in E14.5 wild-type mouse lungs. Laminin α1 (A), α2 (B), α3 (C), and α5 (E) chains are found in the
epithelial airway basement membranes. Laminin α4 (D) is in basement membrane of smooth muscle cells lining the airway and in mesenchymal cells of the
parenchyma. The dotted lines in panels A–D represent the visceral pleural edge. Laminin α5 is the only laminin α chain present in the visceral pleura (E, arrows).
Laminin γ1 (F) is present in both airway epithelial and visceral pleura basement membrane. Original magnification 200×.
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1997).
Specific laminins and lung development
Laminin α1 and laminin α2
Laminins are essential for normal lung development (Relan
and Schuger, 1999). Initial studies by Schuger and colleagues
with murine lung bud explants and organotypic co-cultures
showed that laminin 111 and its proteolytic fragments have a
role in branching morphogenesis and in epithelial cell polarity
(Schuger et al., 1990a,b, 1991). Addition of polyclonal
antibodies to laminin 111 (α1β1γ1) to mouse embryonic lung
explants caused a reduction in explant growth, a marked
decrease in branching morphogenesis, and abnormalities of the
bronchial tree (Schuger et al., 1990b). Monoclonal antibodies
against the β or γ chain short arms or the cross region of laminin
111 also interfered with branching morphogenesis of lung bud
explants (Schuger et al., 1991). Disruption of laminin
polymerization by addition of laminin 111 proteolytic fragments
and antibodies to laminin 111 resulted in lack of, or defective,
BM formation and loss of epithelial cell polarity in organotypic
co-cultures from early embryonic lungs (Schuger et al., 1995).
Laminin 111 affected development of both epithelial and
mesenchymal compartments in lung development (Schuger et
al., 1997, 1998; Zhang et al., 1999). Lung organotypic culture in
the presence of a laminin 111 fragment containing regions of
laminin β1/γ1 that inhibited laminin polymerization led to
disorganization of the smooth muscle cell layer adjacent to
epithelial cell nests (Schuger et al., 1997). Mesenchymal cells
abutting the BM underneath epithelial cells spread and
differentiated into smooth muscle cells while the remainingmesenchymal cells were rounded and did not express smooth
muscle markers (Schuger et al., 1998). The laminin β1γ1-dimer
trimerizes with all laminin α chains but laminin α2 was found to
be important for this step in mesenchymal cell differentiation
(Relan et al., 1999). Further, this process has been shown to be
mediated through down-regulation of RhoA activity by laminin
211 (Beqaj et al., 2002).
Laminin α5
As noted above, most in vitro studies of laminin effects on
lung development were performed with laminin 111 or its
components. Since laminin 111 is expressed only in early lung
development, its relevance to later stages of lung development
is in question. Accordingly, recent focus has shifted to other
laminins in lung development, and indeed, other laminins can
profoundly affect lung development. Laminin α5, present in the
lung in laminins 511 and 521, is the largest of the laminin α
chains and is most similar with the Drosophila laminin A chain.
Studies with the monoclonal antibody 4C7 (initially thought to
be specific for human laminin α1 but later determined to
recognize laminin α5) and other laminin α5-specific
antibodies showed that expression of laminin α5 is widespread.
In the lung, laminin α5 is present in airway, alveolar,
endothelial, and visceral pleura BMs. Expression of laminin
α5 is evident beginning in early lung development and persists
into adulthood. The laminin α5 null (Lama5−/−) mouse was
produced by Miner and colleagues and it has multiple
phenotypes including exencephaly, syndactyly, placentopathy,
defective glomerulogenesis, and abnormal intestinal smooth
muscle and hair follicle development (Bolcato-Bellemin et al.,
2003; Li et al., 2003; Miner et al., 1998; Miner and Li, 2000).
Because of embryonic lethality at E14–E17, study of lung
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pseudoglandular stage. Nevertheless, studies revealed incom-
plete to absent lobar septation, lack of visceral pleura BM
formation, and ectopic deposition of laminin α4 in airway BM
in lungs of Lama5−/− mice (Nguyen et al., 2002).
The importance of epithelial-derived laminin α5 to latter
stages of lung development was uncovered recently. An
inducible, lung epithelial cell-specific laminin α5 null (SP-
CLama5fl/−) mouse was produced using the Cre/loxP system,
the human surfactant protein C (SP-C) promoter, and the reverse
tetracycline transactivator (Nguyen et al., 2005). Mice contain-
ing both the SP-C-rtTA and the tetO-cre transgenes were mated
with Lama5+/− mice to obtain offspring that have both
transgenes and were heterozygous for laminin α5 (SP-C-rtTA/
tetO-cre/Lama5+/−). These offspring were mated to mice that
had loxP sites flanking several exons of laminin α5 to obtain
progeny that have the SP-C-rtTA and tetO-cre transgenes and
one laminin α5 null allele and one laminin α5 floxed allele (SP-
CLama5fl/−). With this system, in the presence of doxycycline,Fig. 3. Abnormalities in the lung epithelial cell-specific laminin α5 deficient (SP-CLa
SP-CLama5fl/− (B) lungs shows enlarged distal airspaces in SP-CLama5fl/− mice. Imm
for alveolar type II cells, reveals a marked decrease in brown stained cells in the
immunohistochemical staining for VEGF shows a marked decrease in red-pink im
CLama5fl/− (F) compared to the littermate control lungs (E).only cells activating the SP-C promoter undergo deletion of 7
exons in the laminin α5 gene resulting in a null allele. SP-
CLama5fl/− mice exposed to doxycycline beginning at E6.5,
prior to lung formation, survived to birth but suffered perinatal
death due to respiratory failure (Nguyen et al., 2005). Lungs of
SP-CLama5fl/− mice have multiple abnormalities including
dilated, emphysematous-appearing distal airspaces, marked
decrease in the number of alveolar type II cells, a near absence
of alveolar type I cells, and a decrease in capillary density with a
decrease in total lung VEGF production (Fig. 3). In addition,
SP-CLama5fl/− lungs have increased apoptosis and decreased
proliferation. As with the Lama5−/− mouse, ectopic deposition
of laminin α4 was seen in airway BM of SP-CLama5fl/− mice.
In the neonatal lung, alveolar type II cells are the major
producers of VEGF and inhibition of VEGF or its receptors
leads to abnormal alveolization during lung development and
emphysema in adult lung. In the absence of epithelial-derived
laminin α5, distal epithelial cell differentiation is perturbed with
fewer alveolar type II cells, resulting in a decrease in VEGFma5fl/−) newborn lung. Histology by H&E staining of littermate control (A) and
unohistochemical staining with antibody against surfactant protein C, a marker
SP-CLama5fl/− (D) compared with the littermate control (C) lungs. Similarly,
munopositive airway (arrows) and distal (arrowheads) epithelial cells in SP-
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airspaces and respiratory failure.
Laminin γ2 and laminin 332
Laminin 332 (formerly laminin 5) is well associated with
cutaneous epithelial cell functions, including formation of
hemidesmosomes and maintenance of skin integrity. Indeed,
ablation of laminin γ2, unique to laminin 332, led to a skin
blistering phenotype and perinatal death from malnutrition
(Meng et al., 2003). Study of laminin γ2 in lung showed
localization to airway epithelial BMs during lung development
leading to speculation that it may be necessary for lung
development with a possible role in branching morphogenesis
(Coraux et al., 2002; Miosge et al., 2002; Mizushima et al.,
1998). However, examination of branching morphogenesis by
in vitro lung bud culture of Lamc2−/− E11–E12 explants did
not show a defect in branching morphogenesis (Nguyen et al.,
2006). Histology of Lamc2−/− lungs appeared similar to that of
littermate controls throughout gestation. At P1–2 distal air-
spaces appeared slightly enlarged but this enlargement was not
statistically significant. Evaluation of epithelial cell differenti-
ation from proximal to distal, vascular development, and
smooth muscle cell differentiation did not reveal any differences
between Lamc2−/− and littermate control. Tracheal hemides-
mosomes in Lamc2−/− mice were disorganized but epithelial
integrity appeared intact and no physiologic deficits were
found. In contrast to the in vivo findings in the Lama5−/− and
the SP-CLama5fl/− mice and the in vitro findings with laminin
111, absence of laminin γ2 or laminin 332 did not result in
major lung developmental abnormalities. Although laminin γ2
does not appear to have a major role in lung development, its
presence in the lung and the non-overlapping behavior of
laminins in the lung suggests that laminin 332 must have a role
in response to injury or disease processes such as asthma or
tumor cell migration.
Like the Lamc2−/− mice, Lama3−/− mice die 2–3 days
after birth from malnutrition and they have a skin blistering
phenotype similar to junctional epidermolysis bullosa (Ryan et
al., 1999). While a phenotype has not been formally described,
preliminary studies indicate that lungs of newborn Lama3−/−
mice are not severely affected, with histology showing mildly
enlarged distal airspaces and normal appearing airway
epithelium by H and E staining (unpublished observations,
Nguyen, Ryan, Carter, Senior). Comprehensive characteriza-
tion of lung development in Lama3−/− mice needs to be
completed since perturbation of laminins 332, 311, and 321
may lead to more defects than perturbation of laminin 332
alone.
Other laminin chains
Lung development in mice with targeted deletion of other
α, β, or γ laminin chains has not been characterized due to
various factors. Lama1−/−, Lamb1−/−, or Lamc1−/−
embryos die prior to initiation of lung formation (Miner et
al., 2004; Smyth et al., 1999). Mice with null mutations inLama2, Lama4, or Lamb2 survive to adulthood and have no
reported lung phenotype (Noakes et al., 1995; Thyboll et al.,
2002; Xu et al., 1994). Mice with mutations of Lamb3 and
Lamc3 have not been produced, but Lamb3 is found only in
laminin 332 and Lamc3 is not present in lung BM
(Gersdorff et al., 2005).
Other BM components
Besides the necessity for BM interactions with cells,
interactions of laminins with other basement membrane
constituents also affect lung development. An association
between laminin and heparan sulfate proteoglycan is needed
for epithelial cell polarization and lumen formation in
organotypic rearrangements of lung cells in culture (Schuger
et al., 1996). Mutation of the nidogen-binding site on laminin
γ1 results in abnormalities in late lung development. These
mice die soon after birth presumably from respiratory failure
with lungs that have normal differentiation of alveolar type II
cells but thickened mesenchyme, poor inflation of saccules, and
missing or amorphously deposited BM (Willem et al., 2002).
Mice with ablation of both nidogen 1 and nidogen 2 also exhibit
defects in late lung development. Their lung phenotype is
similar to mice with mutation of the nidogen-binding site on
laminin γ1 with thickened mesenchyme and improperly
expanded saccules, but these mice differed in that there was a
decrease in surfactant protein B, a marker of alveolar type II
cells (Bader et al., 2005).
Laminin ligands
Laminins contain binding sites for integrins, dystroglycan,
heparin-sulfated proteoglycans, and Lutheran. Integrin α3β1
and α6β4 are major receptors for the LG domain of several
laminin α chains. The integrin α3 null mouse has a decrease
in the number of branches arising from the major bronchi and
an increase in cuboidal cells lining the distal epithelium
(Kreidberg et al., 1996). The integrin α6 null mouse does not
have a reported lung phenotype, however integrin α3/integrin
α6 double knockout mice have several features reminiscent of
the laminin α5 knockout including syndactyly, exencephaly,
and abnormalities in the urogenital tract (De Arcangelis et al.,
1999). In addition, lungs of integrin α3/integrin α6 double
knockout mice have a single fused right lobe without evidence
of septation, hypoplasia of the left lung, and impaired
branching morphogenesis (De Arcangelis et al., 1999).
Interestingly, branching morphogenesis is not affected in
laminin α5, γ2, or α3 knockouts even though integrins α3 and
α6 are the primary adhesive receptors for laminin α3 and α5
chains. Thus, lung branching morphogenesis likely involves
integrin interactions with laminins, but the specific laminins
are yet unknown. Even though branching morphogenesis is
preserved in laminin α5 (laminins 511 and 521) and laminin
γ2 (laminin 332) chain knockouts, either one of these chains
may still play a role since compensation by the remaining
epithelial-derived laminins has not been ruled out. In vitro
studies suggest that laminin α1 containing laminins are
Table 4
Lung phenotypes associated with laminins
Laminin System Manipulation Phenotype Reference
Laminin
111
Lung bud
culture
Antibodies Decreased
branching
morphogenesis
Schuger et al.
1990a,b,
Schuger et al.
(1991)
Laminin
111
Organotypic
co-culture
(embryonic)
Proteolytic
fragments
Loss of
epithelial
cell polarity
Schuger et al.
(1995)
Laminin
211
Lung
mesenchymal
cell culture
Antibodies Decreased
mesenchymal
cell differentiation
Relan et al.
(1999)
Laminin α5 In vivo Null mutation Incomplete
lobar septation,
lack of visceral
pleura basement
membrane
Nguyen et al.
(2002)
Laminin α5 In vivo Lung
epithelial
cell-specific
null mutation
Enlarged
distal airspaces,
impaired distal
epithelial cell
differentiation,
decreased
VEGF production
Nguyen et al.
(2005)
Laminin
332
In vivo Null mutation Abnormal
tracheal
hemidesmosomes
Nguyen et al.
(2006)
277N.M. Nguyen, R.M. Senior / Developmental Biology 294 (2006) 271–279important for branching morphogenesis but this cannot be
definitively confirmed without examination of lung develop-
ment in laminin α1 deficient mice.
Future directions
The emerging role of laminins in lung development reveals
yet another facet of the intricate interactions that must occur in
order to form a normal lung. Relative to transcription or growth
factors, much still needs to be uncovered in the story of laminins
and lung development since the mechanism(s) behind the
laminin-based phenotypes are unknown. Laminins are large
molecules with multiple domains that can interact with multiple
ligands and these domain interactions are highly specific to each
laminin chain. When Lama5−/−mice are mated with transgenic
mice that express a chimeric laminin α5 chain that has its
laminin α5 LG substituted by the human laminin α1 LG
domain, the progeny still have some of the defects seen with
absence of laminin α5, proving that the laminin C-terminal
globular (LG) domains are not interchangeable in function
(Kikkawa et al., 2002). Using similar approaches, expression of
other chimeric LG domain laminin chains has helped to localize
the mesangial cell adhesion site on laminin α5 (Kikkawa et al.,
2003). Similar technology can be utilized with other laminin
chains to determine the role of other laminin chains in lung
development. In addition, the inducible nature of gene deletion
technology allows for study of lung development at later stages
in cases where early disruption of gene expression leads to early
death. Peptides of laminin domains have been used to determine
adhesion sites and adhesive ligands of laminin α chains with
several cell lines. Similar studies can be performed with primary
embryonic lung cells and promising domains of different
laminin chains to identify laminin domains that influence cell
proliferation, adhesion, or apoptosis. The future of better
understanding the mechanisms by which laminins affect cell
behavior and phenotype in lung development lays with studies
of transgenic mice, laminin peptides, and in vitro cell culture
experiments.
Temporal expression of specific laminin α chains during
lung development is intriguing and not understood. In epithelial
BM of the developing lung, laminin α1, α2, α3, and α5 chains
are present but laminin α1 is seen only in early stages while
laminin α2 expression decreases near the time of birth, and
expression of laminins α3 and α5 remain constant. Expression
of laminin α1 coincides with branching morphogenesis and in
situ hybridization for laminin α1 in human lung showed
expression in the epithelium was confined to the distal
advancing tips where branching was progressing but little to
none in proximal epithelium (Pierce et al., 2000). Laminin α5 is
present throughout lung development with evidence pointing to
an important role of laminin α5 in epithelial cell differentiation.
Laminin α3 and its associated laminins do not seem to have a
large role in lung development, but multiple in vitro cell culture
studies suggest that it is required for maintenance of epithelial
cell phenotype. Accordingly, certain laminins may play a role
during specific stages and are replaced or eliminated when a
specific role is no longer needed. It will be important to unravelthe role of specific laminins in lung development as perhaps
these mechanisms can again be reinitiated in the repair of
injured lung.
Conclusions
It is clear that laminins are essential for lung development
and that individual laminins have specific, non-redundant roles
in lung morphogenesis (Table 4). In vitro studies with laminin
α1 and laminin 111 suggest a role for these laminins in
epithelial branching morphogenesis, while in vitro studies with
laminin α2 and laminin 211 suggest a role in smooth muscle cell
differentiation. Mutations of laminin α5 in mice reveal that
laminins containing laminin α5 (laminins 511 and 521) are
crucial for distal lung epithelial cell differentiation and normal
late lung development. Surprisingly, deficiency of laminin γ2
(which is unique to laminin 332) does not lead to any obvious
alteration in formation of the early alveolar lung, although it is
normally present throughout lung development. Together, these
investigations show that the laminin composition of basement
membranes may or may not significantly affect epithelial and
mesenchymal cell differentiation, communication, and matura-
tion and this, in turn, can lead to profound effects on lung
development.
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